Choline dehydrogenase is the initial enzyme of the complete choline oxidase system. The latter includes all agents and enzymes involved in hydrogen transport to oxygen plus the initial dehydrogenase. Problems concerning the properties of choline dehydrogenase have remained unsolved largely because of the insoluble nature of the enzyme. It has resisted solution by such techniques as freezing and thawing (Williams, 1952) and extraction of acetone powders of rat-liver mitochondria (Williams & Sreenivasan, 1953). The latter authors extracted the enzyme from acetone powders of mitochondria with the use of bile salts, but it could not be redissolved once the bile salts were removed. It became clear that further treatment or alternative methods would be required to obtain the enzyme in a truly soluble form. The term 'soluble' is arbitrarily defined as remaining in the supernatant fluid after centrifuging at 144 000 g for at least 60 min. and capable of redissolving in aqueous media without the use of dispersing agents, after precipitation with substances (e.g. ethanol) which do not inactivate the enzyme. In the present paper we describe a method for preparing the enzyme in a form which meets these qualifications of solubility. EXPERIMENTAL Assay of choline dehydrogenase. The rate of reduction of 2:6-dichlorophenolindophenol was measured in a test system consisting of 0-1 ml. of 2 % choline chloride, 45jug. of 2:6-dichlorophenolindophenol (added last) and varying quantities of enzyme in a model DU Beckman spectrophotometer at 610 m. The total volume was brought to 3 ml. with 0-05M sodium phosphate buffer of pH 6-8. When the preparation contained cytochrome oxidase as an impurity, 0-3 ml. of neutralized 10-2m-NaCN was included to inhibit this enzyme. The assays were carried out in 1 cm. cuvettes, and the changes in optical density were recorded at 30 sec. intervals from 30 to 210 sec. The units of activity are expressed as changes in optical density (AE)/3 min./total preparation or/mg. protein.
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When dye reduction occurred in the absence of added substrate, the activity of the enzyme was obtained by subtracting the changes in optical density with the enzyme alone from the changes in optical density with the enzyme plus substrate over the 3 min. interval. The activity as measured by this method is proportional to enzyme concentration from 0 to 0-4 mg. protein. The activities obtained in a typical experiment for the corresponding levels of protein added are as follows: 0-033 AE, 0-095 mg. protein; 0-063AE, 0-19 mg.; 0-096AE, 0-285 mg.; 0-136AE, 0-38 mg. The enzyme preparation was the supernatant obtained after centrifuging of the sodium cholate-treated acetone powder prepared as previously described (Williams & Sreenivasan, 1953) . The protein content of the enzyme preparations was determined by the biuret method of Johnson & Swanson (1952) using crystalline bovine serum albumin as standard.
Little or no choline dehydrogenase was found in ox and pig liver and kidney. Rat liver, which has a fairly high content of the enzyme, was therefore used as the source of enzyme. The mitochondria were isolated by a modification of the conventional techniques of Schneider (1949) . The liver was homogenized in the Waring Blendor and KCI was added to facilitate the centrifuging of mitochondria (Kennedy & Lehninger, 1949) . The acetone powders of mitochondria were prepared by essentially the same techniques used for powders of minced muscle (Green, Needham & Dewan, 1937) . When fresh mitochondria were used, the techniques of isolation were similar, except that no KC1 was added and the preparation was centrifuged at 8400g for 40 min. to sediment the mitochondria after removal of the nuclear fraction.
RESULTS
Survey of possible methods for preparing soluble choline dehydrogenase Enzymic methods. To attempt to fractionate the sodium cholate extract of acetone powders (Williams & Sreenivasan, 1953 ) cold acetone was added at different concentrations. It was found that most of the enzyme could be precipitated with 33 % (v/v) acetone. Although the precipitate retained its activity, it was insoluble in water, phosphate buffer, various concentrations of NaCl and ethanol solutions of different concentrations.
It seemed possible that the enzyme may be bound by such mitochondrial constituents as lipids, nucleic acids, and proteins. If this were the case, soluble choline dehydrogenase might be obtained by treatment of the choleate-extracted, acetone-precipitated enzyme with hydrolytic enzymes to break the bonds binding the enzyme to the complex. Incubation of the insoluble, acetoneprecipitated enzyme (Williams & Sreenivasan, 1953) with lipase or trypsin, or a successive et" combination of the two, released choline dehydrogenase which remained in the supernatant fluid to a measurable extent after ultracentrifuging (144 000 g) for 1 hr. In these studies 4 mg. of lipase (Steapsin, Nutritional Biochemicals Inc.) or 25,ug. of twice recrystallized trypsin (Nutritional Biochemicals Inc.) were incubated with the acetone-precipitated enzyme preparation obtained from 20 mg. of dried mitochondria in 1 ml. of 0-1 M sodium phosphate (pH 6 8) at 300 for 20 min. (lipase) or 15 min. (trypsin). Treatment of the same amount of insoluble enzyme with 0-1 mg. of protease-free ribonuclease did not release choline dehydrogenase. Smith & Stotz (1954) have reported that commercial trypsin preparations release cytochrome oxidase from phosphate extracts of heart muscle in the presence of cholate. They have also observed that ribonuclease had no effect on the release of this enzyme.
Ultrasonic diaintegration of mitochondria. Hogeboom & Schneider (1950) reported the use of the ultrasonic oscillator in a study of the distribution of enzymes in the mitochondrion. The following experiments were designed to test the feasibility of this method for preparing soluble choline dehydrogenase from fresh mitochondria. Results from acetone-dried mitochondria as starting material were similar. The mitochondria from 200 g. of rat liver were isolated in 0-25m sucrose, frozen and rapidly thawed at 15-20°, then centrifuged at 59 000 g for 10 min. in a Spinco preparative ultracentrifuge. The precipitate was taken up in 120 ml. of O0-M sodium phosphate buffer (pH 6-8) and treated in a lOKC Raytheon ultrasonic oscillator for 10 min. at 1-4°. This preparation was then centrifuged at 144 000 g for 60 min. The supernatant fluid was orange in colour, and the surface contained a milky layer. The results of several experiments of this type indicated that, while most of the activity could be spun down (about 94%), a small constant amount of choline dehydrogenase could not be sedimented.
Solvent extraction methods. Chemical analyses of mitochondria indicate that 25-30% of the dry weight is composed of lipids (Claude, 1949; Schneider & Hogeboom, 1951) . Two-thirds of the lipids are phospholipids and -are extracted with difficulty (Claude, 1949) . Attempts to prepare soluble choline dehydrogenase by extracting acetone powders of mitochondria with dry n-butanol as suggested by Morton (1950) , or with isobutanol or chloroform, failed to facilitate solution of the enzyme. Similarly, choline dehydrogenase could not be extracted with phosphate buffer after treatment ofthe acetone powder with the ethanol-ether procedure of McFarlane (1942) .
Combination of ultrasonic di8integration and solvent extraction. It was possible that solvent extraction methods per 8e failed with the whole mitochondria because of insufficient penetration by the solvent. A combination of ultrasonic disintegration followed by solvent extraction was therefore tried and, after considerable experimentation, we have successfully prepared choline dehydrogenase which meets our criteria of solubility.
The method finally adopted for the extraction of choline dehydrogenase is as follows: mitochondria, isolated from 200 g. of rat liver, were treated in the Raytheon ultrasonic oscillator as described above and then centrifuged at 144 000g for 60 min. The sedimented layers, which contained most of the activity, were suspended in 0-03M sodium phosphate buffer (pH 6-8) to give a final volume of 130 ml. To this preparation, 13 ml. of 20% (w/v) choline chloride were added to protect the enzyme during the extraction procedure. With the temperature of the enzyme preparation maintained at 00, n-butanol was slowly added while the preparation was mechanically stirred. After the addition of butanol, the preparation was stirred for 30 Partial puriJication of choline dehydrogenase.
Since preliminary experiments indicated that the butanol-extracted preparation of choline dehydrogenase could be precipitated with ethanol and redissolved in dilute buffer, the next steps were directed towards a purification of the enzyme. Ethanol fractionations were carried out by bringing the concentration to 37 % (v/v) ethanol and then centrifuging at 3700 g for 5 min. To the supernatant fluid, ethanol was added until the ethanol concentration was raised to 57 % (v/v), and the preparation was centrifuged at 3700 g for 10 min. The precipitate was suspended in 95 % (v/v) ethanol (precooled to -10°) and then centrifuged. This step removed most of the remaining butanol. The precipitate, obtained after treatment with ethanol, was dissolved in 30 ml. of 0-01 M potassium phosphate buffer (pH 6-5). Undissolved material was removed by centrifuging at 35 000 g for 15 mnin. The supernatant fluid contained over 70 % of the activity present in the butanol-extracted preparation. The specific activity was increased approximately twofold in the ethanol fractionation steps. Tiselius (1951) . Addition of ethanol to give a concentration of 4-5 % (v/v) facilitated selective adsorption of some of the soluble inactive proteins. With the addition of 0 04 ml. of the gel per ml. of enzyme, very little loss of choline dehydrogenase activity occurred. The purification in this step was of the order of 15-fold.
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